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Nanomechanics
When probe cantilever properties such as the spring constant 
and deflection sensitivity are known, changes in laser 
deflection can be translated into precise force measurements 
when pushing on a sample.  This can in turn be used to 
measure various mechanical properties of the sample, such 
as its elastic modulus.
Traditional AFM probes are sharp, but cells/nuclei are too 
soft to be measured this way.  Instead, a 10 μm diameter 
glass bead is attached to the cantilever, providing relevant 
force measurements without puncturing the cell membrane.
Atomic Force Microscopy (AFM)
AFM is a surface characterization technique that can generate high 
resolution maps of sample topography and surface properties such as 
adhesion or modulus at very small length scales (~1 nm – 100 μm).  To 
achieve this, a sharp probe is brought in contact (or near-contact) with 
a sample and rastered across the surface. 
High Resolution Fluid Imaging
Proteins and Lipid Bilayers
Cytoxic bacteria such as anthrax and cholera produce proteins that 
insert into the phospholipid bilayers of cell membranes, forming 
tiny pores that allow essential ions to leak out.  These pores are a 
few nanometers in diameter, making their characterization 
extremely difficult.  However, AFM probes can be made sharp 
enough to discover and capture images of these pores.
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To tracks changes in the probe deflection as it encounters changes in 
topography or tip-sample interaction strength, a laser reflects off the 
back of the probe to a 4 quadrant photodetector.  This data is then used 
to create a topographical image of the surface or force-distance curves.
Above:  SEM micrograph of a Bruker ScanAsyst-
Air-HR probe with an ~2 nm radius of curvature.
AFM probe with 10 μm glass bead.
AFM image of 500 pm tall lipid rafts on mica.
Bio AFM
• Sample Types
• DNA
• Proteins
• Lipid bilayers
• Live or stained cells
• Physiologically relevant
• Fluid environment
• Buffer (pH control)
• Salt concentration 
(osmotic pressure/ionic 
strength)
• Temperature control
• Applications
• High resolution topography
• Video rate imaging = 
dynamics/kinetics
• Nanomechanics
Pore forming protein insertion into phospholipid bilayer.3
DNA
High resolution fluid AFM allows effective characterization of 
individual DNA strands and DNA origami structures.
Effect of ethidium bromide (EtBr), an intercalating agent, on the tertiary structure of DNA 
origami nanotube pairs (above) and circular DNA (below left).4-5
Above: Force response data from wild 
type (WT) versus lamin knock out 
(LKO) fixed mesenchymal stem cells 
(MSCs) showing differences in cell 
nucleus stiffness.7
Left:  Typical force distance curve 
obtained from the nucleus of a fixed 
MSC.
Atomic Force Microscopy Schematic¹
Left:  High 
resolution fluid 
AFM image of 
DNA origami 
sharp 
triangles.2
No intercalant With Intercalant
 4.00 nm
 0.00 nm
Self-assembly of 
DNA origami 
cross tile arrays 
under different 
annealing 
conditions.6
